Introduction
RABs are small GTPases of the RAS superfamily that undergo nucleotide-dependent conformational changes. When loaded with GDP, RABs are extracted from membranes to the cytosol by GDI (GDP dissociation inhibitor). In contrast, following their guanine nucleotide exchange factor (GEF)-mediated loading with GTP, RAB GTPases are recruited to specific subcellular membrane domains, where they exert their functions by engaging the so-called 'effector' proteins, which bind the cognate RAB solely in the GTP conformation (Zerial and McBride, 2001; Pfeffer, 2013) . Besides changing the protein composition, RABs can also change the lipid content of its membrane domain by recruiting lipidmodifying enzymes such as the Vps34 PtdIns-3-kinase complex, which synthesizes PtdIns3P from PtdIns on early endosomes (Christoforidis et al., 1999; Rostislavleva et al., 2015) [see (Abenza et al., 2010) for A. nidulans].
Rapid growth by apical extension, characteristic of filamentous fungi including the genetic model Aspergillus nidulans, must involve a delicate balance between cell wall deposition and membrane expansion, as well as a constant flow of secretory vesicles (SVs) that deliver carbohydrates, lipids and cell wall modifying enzymes to the growing apex. A direct pathway connects the cisternae of the trans-Golgi network (TGN) with the plasma membrane by way of secretory vesicles that contain RAB11 (hereafter denoted RabE to conform with A. nidulans nomenclature) . Recruitment of this regulatory GTPase to TGN membranes is promoted by the oligomeric guanine nucleotide exchange factor (GEF) complex TRAPPII (Pinar et al., 2015) . Once RabE RAB11 levels reach a certain threshold on TGN cisternae these compartments, or domains thereof, acquire SV identity and subsequently engage molecular motors to be transported to the apex Peñalva et al., 2017) , where SVs accumulate in a structure denoted Spitzenk€ orper (SPK), awaiting fusion with the plasma membrane. TGN cisternae also deliver clathrin-coated carriers to the endosomal system (Schultzhaus et al., 2017) . Conditional mutations hypA1, affecting HypA Trs120 , a key component of TRAPPII (Pinar et al., 2015) and hypB5, affecting HypB Sec7 , the TGN regulator of ARF1 (Pantazopoulou and Peñalva, 2009; Arst et al., 2014) , prevent the biogenesis of SVs at the TGN , precluding apical extension and resulting in morphological aberrations (Shi et al., 2004; Yang et al., 2008; Pinar et al., 2013a) . While the mechanism of SV biogenesis is reasonably understood, little is known about the specific effectors that RabE RAB11 recruits to membranes to exert its physiological role. We had previously identified key effectors of A. nidulans RabB RAB5 (Abenza et al., 2010) and RabS RAB7 (Abenza et al., 2012) using GST-RAB affinity chromatography followed by MS/MS. Thus, we set out to isolate RabE RAB11 effectors using a similar procedure.
Here, we report the identification and characterization of the most abundant RabE RAB11 effector isolated by this methodology, the product of the A. nidulans AN4171 gene, that we denote BapH. Although BapH localizes to the SPK -an exocytic structure -it appears to regulate basal levels of autophagy.
Results

Identification of BapH/AN4171 as a RabE RAB11 effector
During a proteomic search for effectors using GSTRabE RAB11 affinity chromatography we identified several interacting proteins that were specifically retained by GTP-RabE, but not by GDP-RabE affinity columns (Fig. 1A) . Here, we concentrate on the most abundant of such potential effectors, which peptide mass fingerprinting identified as the product of AN4171. The 521-residue AN4171 protein contains an N-terminal F-BAR domain (residues 49 through 294), a PH domain (residues 316-423) and a C-terminal unstructured region (Fig. 1B ). This organization is identical to that of the S. cerevisiae Slm1/2p pair of paralogues (see below), with which AN4171 shares marked amino acid sequence similarity (Supporting Information Fig. 1 down BapH-HA3, indicating that the interaction is RabE RAB11 -and switch-specific (Fig. 1C) . We also used GST pull-down assays to demonstrate that unlike BapH-HA3 SlmA-HA3 (also endogenously tagged) was not pulled down by RabE RAB11 (Fig. 1D ), confirming that SlmA is not a RabE RAB11 effector.
The presence of two divergent homologues, one related to SlmA and the second related to BapH, is widespread within filamentous fungi (Supporting Information Fig. 2 ). The two proteins are present in representative members of different classes of Pezizomycotina including Eurotiomycetes (other Aspergilli and Histoplasma capsulatum), Sordariomycetes (Fusarium graminearum, Magnaporthe oryzae, Neurospora crassa) and Leotiomycetes (Sclerotinia sclerotium). In contrast, Basidiomycota such as Cryptococcus or Ustilago maydis have only one, related to SlmA/Slm1p. It is notable that also the yeast Schizosaccharomyces pombe has only one member, but this is related to BapH, despite that it has been named slm1; and that within Saccharomycotina, the dimorphic yeast Yarrowia lipolytica has both BapH-and SlmA-like proteins.
BapH localizes to the SPK whereas SlmA localizes to eisosomes
The identification of the Slm-related protein AN4171 as a RabE RAB11 effector was intriguing, considering that yeast Slm1/2p localize(s) to eisosomes (Grossmann et al., 2008; Olivera-Couto et al., 2011) . In contrast RabE RAB11 , which regulates the biogenesis of secretory vesicles (SVs) destined to the PM, localizes to the TGN, to SVs en route to the apex and, strongly, to the apical gathering of SVs at the Spitzenk€ orper (SPK) Pinar et al., 2015; Peñalva et al., 2017) . This led us to use subcellular localization as the means to emphasize the predictably different physiological roles of these proteins. We tagged PilA endogenously with mCherry to label eisosomes (Vangelatos et al., 2010) (Fig. 2A and B) . Figure 2A shows that PilA-mCherry localized to cortical puncta that predominated in the basal spore and were much less abundant in the germtubes of the germlings, as reported (Vangelatos et al., 2010) . We extended these observations by documenting PilA localization in hyphae (Fig. 2B) . PilA puncta are very numerous in conidiospores and proximal regions of the germtubes, but their abundance gradually diminishes in regions located away from the spore, being absent in tip-proximal regions. Endogenously tagged SlmA-GFP also localizes to cortical puncta that showed a distribution similar to that of eisosomes, except in the basal conidiospore region, in which only a few faint SlmA-GFP puncta were detected (Fig. 2B) . Indeed PilA and SlmA colocalized: 427 out of n 5 446 PilA-mCherry puncta counted in ten different hyphae contained SlmA-GFP ( Fig. 2B and C Figure 3C shows that the SPK localization of BapH was rapidly (within 5 min) dispersed by latrunculin B treatment, as would be expected if BapH were a component of RabE RAB11 carriers, whose dynamic localization to the SPK is dependent on F-actin Peñalva et al., 2017) . Therefore, BapH is not a component of eisosomes and its localization is consistent with its being a RabE RAB11 effector. hypA1 is a ts mutation in the gene encoding HypA Trs120 , an essential component of TRAPPII that mediates the activation, and, thus, the recruitment to TGN membranes, of RabE RAB11 (Pinar et al., 2015) . In hypA1 cells BapH, like RabE RAB11 (Pinar et al., 2015) , was delocalized to a cytosolic haze upon shifting them to 378C (Fig. 3D ). hypB5 is a ts mutation affecting the TGN Arf1 GEF, HypB Sec7 (Yang et al., 2008; Arst et al., 2014) . Like hypA1, hypB5 rapidly delocalized BapH to a cytosolic haze (Fig. 3D ), indicating that a functional TGN is required for the SPK localization of the protein. In contrast to its being HypA Trs120 -and HypB Sec7 -dependent, BapH localization is SlmAindependent (and SlmA localization is BapHindependent, data not shown). Therefore, we concluded that BapH must be a bona fide RabE RAB11 effector that plays roles unrelated to eisosomes, whereas SlmA is an eisosomal component. RabE RAB11 SVs 'released' from the SPK by F-actin depolymerization undergo rapid bidirectional movement on microtubules, using kinesin-1 and dynein (Peñalva et al., 2017) . This movement was not affected by bapHD (Supporting Information Fig. 3 ), ruling out the possibility that BapH participates in the dynein-mediated transport of SVs away from the SPK. Indeed after its rapid dispersal from the SPK by latB, BapH, rather than moving with RabE RAB11 SVs, started to accumulate at cortical puncta, which were noticeable after 10 min of adding the drug. Kymograph analysis of movies showed that these puncta are static (Supporting Information Fig. 4 ). While their number augmented with the time of incubation with latB, these puncta did not overlap with PilA-mCherry, which shows that they do not represent eisosomes.
The role of BapH appears to be unrelated to lipid homeostasis
To investigate the physiological roles of BapH and slmA, we constructed deletion alleles. Neither bapHD nor slmAD resulted in a colony growth phenotype, nor did the double slmAD bapHD mutation, ruling out the possibility that the genes play a redundant function that is important for growth (Fig. 4A) ) (L opez-Berges et al., 2016), or with the single RAB gene deletions rabDD (removing the Sec4 orthologue, a key regulator of exocytosis) , rabBD (removing the major Rab5 in early endosomes) (Abenza et al., 2010) and rabCD (removing Golgi RabC RAB6 ) (Pantazopoulou and Peñalva, 2011), or with the missense mutations hypA1 (mutant Trs120, see above) and sedV R258G (ts) affecting the early Golgi syntaxin (Pinar et al., 2013a) . Yeast Slm1/2p regulates sphingolipid biosynthesis (Tabuchi et al., 2006; Daquinag et al., 2007; Roelants et al., 2011; Berchtold et al., 2012; Muir et al., 2014) . Indeed slm1D yeasts are very sensitive to myriocin (Daquinag et al., 2007) , a drug targeting serine palmitoyl-transferase catalyzing the first step in sphingolipid biosynthesis. Thus, we tested the effects of this drug on single slmAD and bapHD mutants. slmAD strains were weakly hypersensitive, which suggests the sphingolipid-regulatory roles of Slm1/2p might be conserved in SlmA (Fig. 4B ). In contrast, bapHD strains behaved as wt (Fig. 4B ). This and the fact that slmAD bapHD double mutant strains resembled single slmAD strains ( Fig. 4B ) suggested that the role of bapHD is not important for sphingolipid biosynthesis. In addition, we combined bapHD with inoB2 and choA1 mutations and tested, using incomplete supplementation of the inositol and choline auxotrophies, whether BapHD led to hypersensitivity to inositol or choline limitation. It did not (data not shown). Taking together these data argue against the possibility that BapH plays a major role in the regulation of lipid homeostasis.
Both the F-bar and the PH domains are necessary for BapH localization
The PH domain, the F-BAR domain and the conserved C-terminal region of BapH were obvious candidates to facilitate the recruitment of the protein to SPK membranes. To test this prediction, we compared the subcellular localizations of GFP-tagged wt and mutant versions of BapH lacking these domains/regions or combinations thereof. To ensure that strains expressing the different BapH mutants were comparable, we used expression constructs based on the constitutive and moderately strong 'mini gpdA' promoter (gpdA m ) (Pantazopoulou and Peñalva, 2009), and selected strains that were in all cases single copy transformants targeted to the same chromosomal locus (pyroA). For simplicity, wt and mutant BapH proteins were N-terminally tagged with GFP, after confirming that full-length GFP-BapH (i.e., the wt control used for this experiments) localized like the C-terminally labeled endogenously tagged version ( Fig. 5A ). All mutant proteins tested were similarly expressed and appeared stable (Fig. 5B) . Deletion of the C-terminal region (DCT construct), which includes a conserved amino acid sequence motif of unknown role (Supporting Information Fig. 1 ), did not mislocalize BapH; in fact, the SPK signal of DCT appeared stronger.
To confirm this observation we quantified GFP-BapH and GFP-BapHDC fluorescence in the SPKs of n 5 27-32 apices. This analysis demonstrated that the mutant SPK was, on average, twice as fluorescent as the wt (P < 0.0001 in unpaired t-test with Welch's correction; Fig. 5C ). In contrast to the DCT mutation, deletion of the BAR or the PH domains or of the PH domain plus the C-terminal region resulted in cytosolic localization ( Fig. 5A and B) , indicating that the two lipid binding domains are necessary for recruiting BapH to membranes, and that the BAR domain alone is insufficient for membrane targeting. PH domains are lipid-targeting modules that recognize phosphatidylinositol phosphates (PtdInsPs). They consist of seven b-strands and a C-terminal a-helix. The PH domain of rat phospholipase d (rat PH PLCo ) binds PtdIns(4,5)P2 strongly, using a 'canonical' pocket delimited by the b1/b2 and b3/b4 loops (Ferguson et al., 1995) . However, other PH domains bind PtdInsPs by a 'noncanonical' pocket bounded by the b1/b2 and b5/b6 loops (Hyvonen et al., 1995) . Structural analyses have shown that the binding properties of the Slm1p PH domain may differ from those of other PH domains, as it could use both the noncanonical and the canonical binding sites to bind two lipid ligands cooperatively (Anand et al., 2012) . To study the specificity of the BapH PH domain, we determined its subcellular localization in vivo. GFP-PH BapH , expressed using the gpdA m promoter, localized to the cytosol ( Fig. 6A and B, left), although in some cells faint plasma membrane localization could be noticed. A majority of yeast PH domains recognize phosphoinositides with relatively low affinities (Yu et al., 2004) . Thus, to increase the affinity of the GFP-tagged PH BapH domain for the target, we expressed a tandemly duplicated version (Fig. 6A ).
GFP-(PH-PH)
BapH was efficiently recruited to the A.
nidulans plasma membrane (Fig. 6B, right) , resembling rat (PH-PH) PLCo -GFP (Stefan et al., 2002; Yu et al., 2004; Pantazopoulou and Peñalva, 2009 ). This observation suggested that, in vivo, PH BapH recognizes PtdIns(4,5)P2, which predominates in the inner leaflet of the plasma membrane. Of note the fluorescent probe labeled more strongly the plasma membrane in the tips (Fig. 6B, right and bottom; Fig. 6C ).
Arg478, Lys542 and Lys562 in the noncanonical binding site of Slm1p are involved in PtdInsP binding (Anand et al., 2012) . These residues are conserved in BapH, corresponding to Lys325 (instead of Arg), Lys387 and Lys407. Thus, we expressed a mutant GFP-(PH*-PH*)
BapH fusion protein containing Ala substitutions of these residues (Fig. 6A) . In sharp contrast with the plasma membrane localization of the wt, the mutant protein was completely cytosolic (Fig. 6C ). Since substitutions affecting PH BapH residues contributing to PtdInsP binding to the noncanonical site preclude the in vivo recruitment of the fusion protein to the plasma membrane, these data support the contention that this recruitment involves PtdIns(4,5)P2. Next we tested the physiological role of these residues in the SPK localization of full-length BapH after introducing the above three Lys > Ala substitutions. Although the BapH-GFP mutant was as efficiently expressed as the wt, the mean SPK Plates containing the indicated media and additions were incubated at 378C. DMSO is the solvent used for myriocin.
fluorescence was significantly reduced (P 5 0.0001 in an unpaired t-test with Welch's correction; Fig. 6D ), which indicates that PtdInsP binding by the PH domain contributes to the SPK localization of BapH. Next, we attempted to define the binding specificity of PH BapH using in vitro binding assays with lipid-spotted membranes. We purified wt GST-(PH-PH) BapH and mutant GST-(PH*-PH*)
BapH fusion proteins and incubated them with Echelon PIP strips. Both the wt and the mutant bound weakly to PtdIns(3)P, and marginally to PtdIns(4)P and PtdIns(5)P (Fig. 7A) . The finding that PtdIns(3)P recognition was independent of Lys325, Lys387 and Lys407 shows that this in vitro binding cannot account for the plasma membrane specificity of (PH-PH) BapH observed in vivo and suggests that it does not involve the noncanonical site. Next we tested in A. Localization of the indicated BapH deletion mutants fused to GFP. The F-BAR domain borders were chosen after confirming with secondary structure predictions that the three long and one short a-helices characteristic of the F-BAR monomer (F-BAR domains dimerize to form banana-like structures composed of helical bundles) (Henne et al., 2007; Shimada et al., 2007) are contained within the N-terminal 285 resides of the protein.
B. Anti-GFP western blot showing that the steady state levels of the fusion proteins were roughly similar and that 'complete' mutant fusion proteins and not proteolysis fragments thereof were present in the cells. Actin was used as loading control. C. Box plots (interquartile ranges and medians, with whiskers extending all the way to minimum and maximum of the data values) representing GFP fluorescence intensity at the SPK in n 5 27 GFP-BapH hyphae and n 5 32 GFP-BapHDC hyphae. The two sets of values showed a normal distribution and were found significantly different in an unpaired t-test with Welch's correction.
these assays a GST-(BAR-PH) BapH fusion protein (carrying a single PH domain and, thus, approximating the full length BapH version; Fig. 7B ). Notably, this fusion protein bound strongly to the three PtdIns monophosphates and less so to PtdIns(3,5)P2 and phosphatidylserine [ Fig. 7B ; an equivalent exposure of a GST-(PH*-PH*) BapH blot was included alongside for comparison].
Thus, the PH BapH domain construct binds poorly to PtdInsPs in vitro, but the presence of the BAR domain strongly stimulates this binding. Moreover, the finding that the PH-BAR construct binds phosphoserine is interesting as this phospholipid is enriched in SVs accumulating in the SPK (Schultzhaus et al., 2015) . Moreover, phosphoserine bound to the noncanonical site has been captured in a crystal structure of the PH domain of Slm1p (Anand et al., 2012) .
Increased dosage of BapH impairs colony growth
Because we were unable to detect any phenotypic consequences of removing BapH, we investigated the effects of increasing protein dosage. Alcohol dehydrogenase I promoter (alcA p ) constructs driving expression of the full length and of deletion mutants of BapH (Fig. 8A) were targeted to the argB locus by transformation of an argB2 recipient strain (Calcagno-Pizarelli et al., 2007) and, by Southern blotting, transformants carrying single, double and multiple integrations of the constructs at argB were identified. In addition, one transformant that instead of having integrated the circular construct by a single crossover had corrected the argB2 mutation by a double crossover (and, thus, did not retain the construct) was also selected as isogenic wt control. The different strains were cultured under inducing conditions for alcA p and analyzed by western blotting. Full-length BapH, BapHDCT and BapHDPH proteins (HA3-tagged) were strongly overexpressed, with their degree of overexpression roughly paralleling copy number ( Fig. 8B ; a control strain expressing endogenously tagged BapH-HA3 is shown as reference on the left lane). BapHDBAR and BapHDPHDCT were also overexpressed, although to a lower degree, and BapHDBAR showed multiple bands, suggesting that post-translational modification(s) shift the motility of this mutant protein. Notably growth tests showed that overexpression of full-length BapH (inducing conditions for alcA p ) impaired colony growth (Fig. 8A ). Moreover, although the effect was noticeable with strains containing a single copy of the construct, the degree of growth impairment paralleled copy number/degree of overexpression ( Fig. 8A and B) . Overexpressed BapH mutants deleted for the BAR or PH domains, or for both the BAR and C-terminal domains did not cause any Hydrophobic membrane strips containing the indicated lipid spots were incubated with different GST fusion proteins. Binding to immobilized lipids was detected with anti-GST antiserum. Spots contained lysophosphatidic acid (LPA), lysophosphocoline (LPC), PtdIns (PI), PtdIns(3)P, PtdIns(4)P, PtdIns(5)P, phosphatidylethanolamine (PE), phosphatidylcholine (PC), sphingosine-1-phosphate (S1P), PtdIns(3,4)P2, PtdIns(3,5)P2, PtdIns(4,5)P2, PtdIns(3,4,5)P3, phosphatidic acid (PA) and phosphatidylserine (PS). A. Wild-type GST::PH-PH lipid binding profile compared to that of the GST::PH*-PH* (Lys325Ala, Lys387Ala, Lys 407Ala) mutant. Top, Coomassie staining of the purified GST fusion proteins. Bottom, lipid blots revealed by anti-GST. Signal detection required a long exposure time. B. As above for the purified GST::BAR-PH construct. Signal detection required a much shorter exposure time, as shown with the control blot with GST-PH*-PH* that was included for comparison. growth inhibition (Fig. 8A) . Notably, overexpression of BapH lacking the C-terminal region (DCT construct) caused even stronger growth impairment, suggesting that this effect correlates with the ability of BapH to localize to the SPK ( Figs 8A and B and 5C ).
BapH downregulates the basal level of autophagy
We have previously speculated, based on the presence of the key autophagy regulator RAB1 in the SPK, that the pool of SV membranes in this location might be regulated by autophagy (Pinar et al., 2013a) . Given that under N-sufficient conditions the absence of autophagy, like the absence of BapH, does not result in growth defects, we further speculated that BapH might be connected to this pathway. We tested this hypothesis using GFP-Atg8 processing assays (Pinar et al., 2013b) . In these assays, GFP-Atg8 remains intact (full length) unless it is delivered by autophagy to the vacuolar lumen, where it is proteolyzed. However, the GFP moiety, recalcitrant to proteolysis, progressively accumulates in vacuoles, which is used to estimate the flux of A. Growth tests with strains overexpressing the indicated wt and deletion versions of BapH-HA3 under the control of the alcA p . Deletions were as in Fig. 5 . Strains were inoculated on medium containing 1% glucose (w/v), which represses (R) the promoter or on medium containing a mixture of 0.05% fructose and 0.1 M threonine, which results in strong induction (I). Plates were incubated for 3 days at 378 C before being photographed. Transformants having integrated single, double and multiple-copies of the construct were tested. Note that the media composition used for inducing conditions results in light brown conidiospores. B. Western blot analysis of wt and deletion versions of BapH-HA3 expressed in the strains used in (A). The different strains ('1', '2' and 'n', indicating single, double and multiple-copy transformants) were cultured for 14 h at 308C in synthetic complete medium containing 0.05% glucose (weakly repressing conditions). Cells were then shifted to inducing conditions by addition of 1% ethanol to the cultures. Mycelia were then incubated for a further 3 h before being harvested by filtration and lyophilized. Note that the two western blots were run differently to resolve the whole range of differently sized mutant proteins. Actin was used as loading control.
A BAR-PH protein that is a RAB11 effector 461 Molecular Microbiology, 106, [452] [453] [454] [455] [456] [457] [458] [459] [460] [461] [462] [463] [464] [465] [466] [467] [468] autophagosomes to the degradative organelle (Klionsky et al., 2016) . Thus, we induced autophagy by shifting cells precultured in the presence of 40 mM NH4 1 to nitrogen-less medium. Figure 9A shows the normal GFP-Atg8 processing pattern in the wt, which is largely unaffected in bapHD cells, indicating that autophagy proceeds without BapH. However, a closer inspection revealed an increase in the 'basal' levels of processed GFP-Atg8 under nitrogen-replete conditions (Fig. 9A , compare wt and bapHD 1N lanes; Fig. 9B displays three nitrogen-replete biological replicates showing reproducibility). This increase was not detected with slmAD cells (Fig. 9C ), indicating that it is bapHD-specific. Because no processing of GFP-Atg8 was at all detectable in bapHD cells also carrying the atg1D mutation (Pinar et al., 2013b) (Fig. 9A , right panel), this increase in 'free' GFP signal must reflect the basal levels of autophagy. We buttressed this observation by quantifying the bapHD increase in a set of independent cultures (Fig.  9D) . The relative (to the sum of processed and unprocessed forms) amount of GFP-Atg8 in the processed band was 7.2 6 1.5 S.D. in n 5 9 independent wt cultures with 40 mM NH 1 4 versus 23.2 6 5.1 S.D. in an equal number of bapHD cultures, which is a significant difference (P < 0.0001 in an unpaired t-test with Welch's correction). In contrast, in an independent experiment we demonstrated that slmAD cells show low and similar to the wt basal levels of autophagy under N-sufficient conditions ( Fig. 9E ; 4.0 6 1.5 S.D. vs. 3.7 6 1.3 S.D., n 5 12; P > 0.5), further emphasizing that BapH and SlmA play different physiological roles. In summary the aforementioned data suggest that BapH is a component of a regulatory circuitry that downregulates basal autophagy (i.e., the levels of autophagy under nitrogenreplete conditions).
To provide evidence that the involvement of BapH in basal autophagy is connected to its localization to the SPK, we constructed gene-replaced alleles encoding mutant versions of the protein lacking either the BAR or the PH domain. The deleted proteins were stably expressed at levels approximating the wt (Fig. 10A) . In autophagy assays both mutants resembled bapHD in that they showed similarly elevated levels of basal autophagy (Fig. 10B) . Therefore, downregulation of basal autophagy by BapH requires the presence of both the PH and BAR domains also required for the SPK localization of the protein (Fig. 5) . 
Discussion
A. nidulans has two related F-BAR and PH domaincontaining proteins, SlmA and BapH, akin to the yeast eisosome components Slm1p/Slm2p. Phylogeny analysis strongly indicated that SlmA, but not BapH, is the Slm1p/Slm2p orthologue, raising the possibility that BapH plays a non-eisosomal role. Indeed whereas SlmA, like Slm1p (Grossmann et al., 2008; OliveraCouto et al., 2011) (Pinar et al., 2015) . Lastly BapH localization is also dependent on HypB Sec7 , which crucially regulates TGN exit, and on F-actin, required for the myosin-5-dependent focusing of SVs at the apex Peñalva et al., 2017) . The well characterized S. cerevisiae Slm1p/Slm2p orthologues of SlmA are PtdIns(4,5)P 2 effectors Fadri et al., 2005) that recruit the kinase Ypk1p to the plasma membrane, facilitating Ypk1p phosphorylation by TORC2 and, subsequently, by Pdh1p/ Pdh2p (Berchtold et al., 2012; Niles et al., 2012) . Phospho-activated Ypk1p promotes sphingolipid biosynthesis by inactivating Orm1p/Orm2p, which negatively regulate serine: palmitoyl-coenzyme A transferase, the first enzyme in the sphingolipid biosynthetic pathway (Roelants et al., 2011) . Ablation of A. nidulans SlmA results in myriocin hypersensitivity but is inconsequential for growth, even in the absence of BapH, contrasting with the lethality that the double slm1D slm2D mutation causes in yeast. Functional divergence between other eisosomal proteins of A. nidulans and S. cerevisiae has already been highlighted (Vangelatos et al., 2010) . Vegetative hyphae of A. nidulans undergo development to give rise to conidiospores (Etxebeste et al., 2010) . Upon germination these spores establish a polarity axis and give rise to vegetative hyphae. Eisosomes predominate in the basal conidiospore (Vangelatos et al., 2010) and deletion of key eisosomal components upregulates sphingolipid biosynthesis (Athanasopoulos et al., 2015) , which might be consistent with the proposal that in S. cerevisiae eisosomes 'sequester' Slm1p and release it in an stimulus-dependent manner to facilitate its interaction with TORC2/Ypk1p and to promote sphingolipid biosynthesis (Berchtold et al., 2012) .
In spite that Slm1p is a PtdIns(4,5)P2 effector Fadri et al., 2005) , its membrane targeting specificity is complex as it contains two lipid binding pockets (Gallego et al., 2010; Anand et al., 2012) . The GFP-tagged, tandemly duplicated PH domain of BapH is efficiently recruited to the plasma membrane in a manner dependent on critical PtdInsP binding residues in the so denoted 'noncanonical' pocket, indicating that in vivo PH BapH uses this pocket to A. bapH-DPH and bapH-DBAR alleles (C-terminally tagged with HA3) were constructed by gene replacement. Expression levels of the mutant proteins were compared to the wt by anti-HA western blotting, with actin as loading control. B. Gene-replaced mutant strains expressing GFP-Atg8 were cultured in nitrogen-replete (40 mM NH4 1 ) medium to compare their levels of basal autophagy with those of the wt, as in Fig. 9 . The three datasets were compared by one-way analysis-ofvariance (ANOVA) followed by Tukey's multiple comparison posttest. *** indicates statistically significant differences (P 5 0.0002); ns, nonsignificant.
bind to membranes containing PtdIns(4,5)P2. However, we were unable to recapitulate PtdIns(4,5)P2 binding in vitro using purified lipids, which suggests that PH BapH recruitment to biological membranes might involve a more complex interaction. A BAR-PH construct binds PtdInsP promiscuously and, weakly, phosphatidylserine, indicating that besides the two binding sites in the PH domain the BAR domain cooperates in lipid recognition by BapH. Slm1p localization to eisosomes requires both the PH and the F-BAR domains (Grossmann et al., 2008; Olivera-Couto et al., 2011) . Similarly, BapH mutants lacking either the PH or the F-BAR domain are cytosolic, indicating that the two domains collaborate to recruit the protein to the SPK. Crescent-shaped BAR domain dimers are generally regarded as curvature sensors (Henne et al., 2007) . However, a notable exception is that of ACAP1 (Arf-GAP with Coiled coil, Ankyrin repeat and PH domain protein 1), whose BAR domain, rather than directly binding membranes to impart curvature facilitates lipid-binding and curvature induction by the adjacent PH domain, enabling clustering of adjacent ACAP1 molecules at the membrane (Pang et al., 2014) . We speculate that the adjacent BAR and PH domains in BapH might similarly cooperate to recognize the lipid composition of the SPK SVs, following their recruitment to them by RabE RAB11 .
The connection of BapH with autophagy remains to be mechanistically delineated. bapHD does not affect autophagic flux after nitrogen deprivation, a conventional way of inactivating TORC1. However, under nitrogenreplete conditions bapHD (but not slmAD) increases the autophagy-mediated delivery of GFP-Atg8 to vacuoles, indicating that BapH downregulates basal levels of autophagy. As BapH localizes to the SPK in a PH and BAR domain-dependent manner and as mutants lacking these domains resemble bapHD in that they are unable to downregulate basal autophagy, it is tempting to speculate that BapH contributes to regulate the pool of exocytic membranes accumulating in the SPK by locally regulating autophagy. In S. cerevisiae, Slm1p facilitates the TORC2-mediated activating phosphorylation of Ypk1p, which in turn phosphorylates and inhibits calcineurin. As calcineurin negatively regulates the amino acid-sensing eIF2a kinase Gcn2p, Slm1p promotes autophagy by activating the GCN pathway (Vlahakis et al., 2014) . However, BapH downregulates, rather than promotes, autophagy and indeed we have determined that bapHD does not upregulate the A. nidulans Gcn2 kinase (our unpublished results). Therefore, BapH stimulates basal autophagy by other means.
Another yeast target upregulated by Ypk1p phosphorylation is ceramide synthetase (Muir et al., 2014) . Without phosphorylation the enzyme activity decreases, resulting in the accumulation of substrate sphingoid bases (Muir et al., 2014) . If BapH were similarly required to fine-tune one or both A. nidulans ceramide synthetases (Li et al., 2006) , bapHD might increase the pool of long-chain (sphingoid) bases (LCBs) and derived LCBPs (phosphorylated LCBs), which, in S. cerevisiae, promote basal autophagy (Zimmermann et al., 2013; Muir et al., 2014) . This LCB pathway, we speculate, might cause the bapHD-dependent increase in autophagy. Future work will address the hypothetical involvement of LCB/LCBP signaling in the regulation of basal autophagy and the physiological role that it may play to maintain the homeostasis of the SPK, which contains other lipid regulators such as phospholipid flippases (Schultzhaus et al., 2015) . This will be a challenging task due to our markedly wanting understanding of the role of lipids in general, and sphingolipids in particular, in hyphal apical extension (Li et al., 2006; Peñalva, 2015) Experimental procedures
Aspergillus techniques and genetic manipulations
Synthetic complete medium (SC) (Cove, 1966) contained 1% glucose and 5 mM ammonium tartrate, except for autophagy experiments (see below). Complete medium for Aspergillus (MCA) (Cove, 1966) was used for strain maintenance and conidiospore production. Myriocin sensitivity tests were carried out on SC adjusted to acid pH (with 100 mM NaPO 4 H 2 ) to facilitate uptake of the drug. Myriocin (Sigma, St. Louis, LO, M1177) was added at 10 mg/ml ( 25 mM) to plates, which were incubated at 378C for 3-5 days. Strains are listed in Supporting Information (Nayak et al., 2005; Szewczyk et al., 2006) . atg1D and pyroA4::[pyroA*-gpdA m ::GFP-Atg8] driving 'constitutive' expression of GFPAtg8 under the control of the moderately strong gpdA m promoter have been described (Pinar et al., 2013b) . Primers are described in Supporting Information Table 2 .
For phenotype testing of mutants overexpressing BapH-HA3 and derivatives by means of the alcA promoter, strains were point-inoculated on plates of SC medium containing 5 mM ammonium tartrate as N source and a mixture of 0.05% (w/v) fructose and 100 mM Thr as C source, which results in strong induction of the promoter. Plates were incubated for 3 days at 378C. Constructs expressing fulllength BapH and deletion mutants were derived from pAL-C argB (Mingot et al., 1999) . This plasmid carries a frameshift mutation in argB (indicated in Supporting Information Table 1 as argB*) that targets integration to argB in suitable argB2 recipient strains. BapH-HA3 and deleted versions were subcloned as SpeI-XhoI fragments. Expression of Nterminally GFP-tagged BapH and deletion derivatives was driven by the moderately strong gpdA m promoter, using the integrative plasmid pgpd003 (Pantazopoulou and Peñalva, 2009 ), which contains a truncated pyroA* gene that targets integration to the pyroA locus in strains carrying the pyroA4 loss-of-function allele. GFP-BapH and deletion derivatives were subcloned as NsiI-XmaI DNA fragments. A DNA fragment that encodes the duplicated PH domain of BapH containing Lys325Ala, Lys387Ala and Lys407Ala in each PH copy was made by gene synthesis (ATG: Biosynthetics, Merzhausen, Germany) and tagged with GFP as above. Like in the equivalent wt construct, expression of the mutant GFP-tagged protein was driven by the gpdA m promoter. In all cases transformed strains carrying integrative plasmids were analyzed by Southern blotting to confirm that the correct integration event at argB or pyroA had taken place and to determine whether single, double or multiple copies of the plasmid had been inserted into the genome.
Large-scale affinity chromatography with GST-RabE RAB11 and pull-down assays
Expression of GST baits and large-scale affinity chromatography was essentially as described (Abenza et al., 2010) , except that the binding buffer (BB, also used for extraction) was 25 mM HEPES pH 7.5, 100 mM KCl, 10 mM MgCl2, 1 mM DTT and 10% (v/v) glycerol, containing complete ULTRA tablet protease inhibitors (Roche) and 5 mM MG-132 (Selleckchem, Houston, TX). Briefly, to prepare the GDP-and GTP-g-S-RabE RAB11 affinity resins, glutathioneSepharose beads charged with GST-RabE RAB11 were incubated with 10 mM EDTA for 30 min at 378C to release any bound nucleotide. After extensive washing with BB, these beads were incubated for 3 h at 378C in the same buffer with 100 mM GTP-g-S (Jena Bioscience, Jena, Germany, NU-412) or GDP (Sigma G7127) (Pinar et al., 2015) . Protein extracts from wet mycelia were prepared essentially as described (P erez-Esteban et al., 1993), using a Braun MSK Mechanical disintegrator to lyse the cells. In the final step, removal of ammonium sulfate and equilibration with BB containing complete ULTRA tablet protease inhibitors and 5 mM MG-132 were carried out using PD-10 columns (GE Healthcare). Approximately 275 mg of protein extract (as determined by Bradford) were mixed with 300 ml of GSTRabE RAB11 beads for 2 h at 48C. Next, beads were washed with BB by gravity, using disposable plastic columns and the bound proteins were eluted with 0.6 ml BB containing 1.5 M KCl. Proteins were recovered by TCA precipitation, resuspended in Laemmli loading buffer and electrophoresed on SDS-PAGE gels. Gels were stained with SYPRO-Ruby (Bio-RadLaboratories). Bands were excised and identified by MS/MS (Pinar et al., 2015) . Pull-down assays were as described (Pinar et al., 2015) .
Western blots
Mycelial extracts of lyophilized mycelia were prepared by alkaline lysis as described (Hern andez-Gonz alez et al., 2014; Lucena-Agell et al., 2016) . SDS-PAGE gels were blotted using a Trans-Blot TURBO Transfer system (Bio-Rad Laboratories). Mouse anti-GFP (Roche's cocktail of clones 7.1 and 13.1, diluted 1:5000) and peroxidase-coupled, Jackson's goat anti-mouse IgG (also diluted 1:5000) were used as primary and secondary antibodies, respectively, for detection of GFP fusion proteins. Rat anti-HA3 (Roche's clone 3F10 at 1:1000) and peroxidase-coupled anti-rat IgM 1 IgG (Southern Biotech, diluted at 1:5000) were used for detection of proteins tagged with HA3. Mouse anti-actin, clone C4 (MP Biomedicals, 1:5000) and the above-described Jackson's peroxidase-coupled goat-anti mouse IgG antibody (diluted at 1:10,000) were used for detection of actin as loading control. Blots were reacted with ECL (Clarity-Western, Bio-Rad Laboratories) and chemiluminescence was measured using a ChemiDoc detector (Bio-Rad Laboratories) within the linear range of the device response.
In vitro lipid binding assays
Constructs expressing GST-tagged versions of wt and mutant tandemly duplicated PH domains were constructed after subcloning into pGEX-2T (coordinates of fragments as for GFP tagging above). The BAR-PH cDNA fragment subcloned in pGEX-2T encoded residues Gly40 through Thr433 of BapH. Lipid blots were carried out essentially as described (Agorio et al., 2017) . GST fusion proteins, purified with glutathione-Sepharose affinity columns, were incubated with PIP arrays (P-6001, Echelon Biosciences Inc., Salt Lake City, USA) containing purified lipids spotted on a hydrophobic membrane. Strips were blocked overnight with 1% nonfat dry milk before being incubated for 10 h at 48C with 1 mg/ml of each fusion protein in TBST (50 mM TrisHCl pH 7.5, 150 mM NaCl and 0.1% Tween 20), which was followed by three washes in TBST at room temperature. Bound GST fusion proteins were then detected after overnight incubation of the strips with goat anti-GST antibody (1/1000 dilution; GE Healthcare, 27-4577-01). After three 5-min washes with TBST the blots were reacted with Dako's HRP-conjugated polyclonal rabbit anti-goat IgG antibody (1/2000) for 2 h at RT and developed using 'Clarity' ECL detection regents (BioRad laboratories).
Autophagy assays
Autophagy assays were carried out as described (Pinar et al., 2013b) . Strains were cultured overnight at 308C in nitrogen-replete conditions [SC containing 20 mM (NH 4 ) 2 SO 4 ) as nitrogen source] before collecting the mycelia by filtration and transferring them to the same medium without nitrogen source. Basal autophagy was determined in samples collected before the transfer to nitrogen-deprived conditions. Quantitation of signals/bands was made using Image-lab software (Bio-Rad Laboratories). The sum of the signals corresponding to the unprocessed and 'free GFP' bands was set to 100% and the value of GFP was compared to the total. Statistical analysis was made with Graph-Pad PRISM 7.0. Statistical tests and representations used are detailed either in the main text or in the corresponding Figure legends. A BAR-PH protein that is a RAB11 effector 465
Microscopy and statistical analysis
Epifluorescence microscopy was carried out using cell cultured in pH 6.8 'watch minimal medium' (WMM), using 8-well chambers (IBIDI GmbH, Martinriesd, Germany) and a Leica DMI6000 B inverted microscope equipped with a Leica 63x/1.4 N.A. Plan Apochromatic objective as described previously (Pinar et al., 2013a; Peñalva et al., 2017) . Quantitation of BapH-GFP fluorescence in the SPK was made as described for GFP-RabE RAB11 (Peñalva et al., 2017) .
Bioinformatic analyses
Phylogenic analyses were carried out using the 'one click' phylogeny analysis software (Dereeper et al., 2008) (www. phylogeny.fr). PH and F-BAR (http://www2.mrc-lmb.cam.ac. uk/groups/hmm/F-BAR_proteins/) domains were identified using InterPro (http://www.ebi.ac.uk). Secondary structure predictions were made with JPred 4 (Drozdetskiy et al., 2015) (http://www.compbio.dundee.ac.uk).
